Introduction
One goal in atomic multi-elemental analysis is the ability to rapidly analyse a large number of elements over a wide concentration range. Therefore an ideal spectrophotometer should detect many wavelengths simultaneously .with wide spectral coverage, good sensitivity and should exhibit a large linear dynamic range. Currently "direct readers" which employ individual slits and photomultiplier tube detectors (PMT) for each wavelength are the most commonly used. This is due to the numerous desirable characteristics of PMT's such as their high sensitivity and long, linear dynamic range.
However, these instruments suffer from several significant disadvantages such as a limited number of channels, difficulty in wavelength adjustment and high cost.
Recently television-type cameras have been adapted for use as multichannel detectors in spectroscopic systems [1] [2] [3] . These devices possess a large number of picture elements (pixels) to cover a wide wavelength range rapidly and yet are compact in size. Wavelength selection can be made electronically instead of through the manual adjustment of slit-photomultiplier tube assemblies. Some of the camera devices that have ben applied are silicon vidicon tubes [4] [5] [6] [7] [8] , silicon intensified target (SIT) tubes [9] [10] [11] [12] , image dissector (ID) tubes [8, [13] [14] [15] , photodiode arrays (16) (17) (18) (19) , and charge-coupled device (CCD) arrays [20, 21 ] . In contrast to these approaches the charge-injection device has several unique features. The CID sensor consists of a discrete two-dimensional array of pixels, each of which is composed of a pair of silicon-type MOS capacitors. Several of the important readout concepts are illustrated in Figures 3 and 4 . Initially, each pixel site consisting of a row and column MOS capacitor can be thought of as having some initial bias potential V row (V r) and V column (V c) and an empty "well" (see Figure 3a) . If both of these potentials are 15 volts negative and photons irradiate the surface, charge starts to collect in the well (see Figure 3b) . If the row which crosses the particular pixel element about to be read out is clamped to zero volts, the quantities of charge stored ander all the MOS capacitors within that row are transferred to each of the adjacent column electrodes (see Figure 3c ). If a single column is now clamped to zero, the quantities of charge stored under all of the capacitors in the column, except for the pixel site which is in the process of being selected, merely move to their row capacitor (which is still negative).
However, for the one pixel site under selection, both the column and row capacitors are at zero potential, resulting in the stored charge being injected into the substrate (see Figure 3d ). This current provides the video signal. Only the pixel at the intersection of the selected row and column has both capacitor plates at zero potential. All the other pixel sites have one of the two capacitors biased negative to store charge.
While this original mode of CID operation functions, it does not allow one of the most unique capabilities of the CID. To achieve a nondestructible readout capability, a column potential is reduced (see Figure 4a ) and charge accumulated under the row capacitor. For readout, the column containing the desired pixel is allowed to float and its potential is measured. Next, the row containing the pixel is clamped to zero volts and the charge in the selected pixel moves over to its column capacitor (see Figure 4b ), changing the "apparent" voltage on the entire column. This change in "apparent" column potential is dependent on the entire column capacitance and the charge accumulated in the selected pixel. If the row is returned to a more negative potential, the charge moves under it and the process can be repeated in a nondestructible readout mode, (i.e. V c is allowed to float, measured, and the processes repeated, etc.).
Destructive readout is accomplished by clamping the column to zero potential while the row is still zero (Figure 4d ), causing the charge to be injected, as in Figure 3d .
With a nondestructive readout capability blooming, which can still be a problem in the solid-state cameras, can be effectively eliminated by periodically scanning the array in a nondestructive readout mode to determine which pixels are near saturation. These pixels can be subsequently sampled in the destructive mode sufficiently often to prevent the leakage of charge into adjacent pixels. At the same time, pixels under low illumination can be allowed to integrate charge to maximise the signal-noise-ratio of weak lines. By averaging many repeated, nondestructive readouts of the signal stored in a pixel the readout noise, which is pre-dominately due to white noise generated in the first stage of the preamplifier, can be reduced by the square root of the number of complete readouts 24] .
CID devices can also be fabricated to provide random addressing of the array. With this capability only the desired pixels need be interrogated instead of sequentially scanning through the whole array as is required in most other solidstate devices. Therefore, faster readout speeds are possible for rapid analysis.
On the basis of the characteristics, the CID shows definite potential as a multichannel detector for elemental analysis, provided it is able to detect light in the ultraviolet region where many elements have their strongest emission lines.
The photodiode array meets this requirement but CCD's have been shown to be insensitive in this region [20] To calibrate the irradiance level of the light striking the sensors an EG & G (Salem, Mass. USA) model #550 radiometer with a silicon photodiode probe #550-2B was used.
This probe was placed in the same position as the TN2200 camera and its output read in nanoamps. The current was then converted to/aW/cm 2 by use of the calibration data supplied for the probe by the manufacturer. The output voltage signal from the camera for each sensor was measured versus the wavelength setting of the monochromator with a Tektronix (Beaverton, Oregon, USA) model #564 oscilloscope. The camera generates a timing pulse after each row of 128 pixels on the array has been read out. This pulse was used to trigger the scope so that the trace displayed each row output in rapid sequence. As there was a slight variation in illumination across the rows of the array the trace waveform was observed to oscillate vertically slightly as the different rows were read. The camera reading was taken from the central pixel of the row with the greatest output to insure that the same pixel was measured each time.
The potential output was also measured for each sensor with the camera shielded from the light source (the dark potential). This potential is due to thermally generated charge in the sensor and was as much as one third of the saturation signal when low clock rates were used. For the UV measure- wavelength and varying the light intensity striking the camera by adjusting the slit widths from 0 to 2 mm. Figure 7 shows a typical curve obtained. All of the curves showed a positive deviation from linearity at low signal levels and a slight negative deviation at high levels. The positive deviation has been observed in other CID devices [26] and can be eliminated by the use of a bias or "fat zero" charge [24] . The deviation at high signal levels has also been seen before and is thought to be due to measuring the charge at the same time it is removed (i.e. destructive readout) [23] . This should not be a problem when nondestructive readouts are used. When the non-linear regions of the transfer curve are ignored the observed variation in the sensitivity data disappear. This is illustrated in Figure 6 where a solid line connects the data that fall in the linear region. 
